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Flathead catfish stocks in the Pascagoula River were decimated by the passage of
Hurricane Katrina. Age-0 fish survived the storm, producing a strong 2005 year-class.
Reproduction by the remaining adults and/or downstream movement from tributaries
produced an additional strong cohort in 2006. The strong 2005 year-class resulted in the
capture of a high proportion of two-year-old fish in 2007. In 2008, a high proportion of
two- and three-year-old fish were captured, illustrating the high rate of survival of the
2005 year-class, and the presence of a strong 2006 year-class. The flathead catfish
population of the Pascagoula River was dominated by immature fish that should begin to
reproduce in 2009, and most of these fish should reach sexual maturity by 2011. Density
estimates are low when compared to other populations, indicating that a management

option of a minimum length limit of 610 mm could prove useful in protecting these future
spawners.
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CHAPTER 1
INTRODUCTION

Flathead catfish Pylodictis olivaris is an important freshwater big game fish in
North America. It is native to major river systems throughout the continent east of the
Appalachians but has been introduced elsewhere, particularly along the eastern seaboard
(Jackson 1999). Its popularity among anglers and other fishers (e.g., commercial fishers
and hand grabbers) stems from its predatory aggressiveness, potential to attain large size,
good taste, and (for commercial fishers) susceptibility to commonly-employed gear [e.g.,
hoopnets (Stopha 1994)].
Although found in lentic environments, flathead catfish are generally considered
as lotic environment fish (Trautman 1957; Pflieger 1997). Young flathead catfish forage
primarily on invertebrates, but make a transition to piscivory at total lengths of 25-36 cm
(Brown and Dendy 1961; Holz 1969; Roell and Orth 1993). As adults they prefer depths
< 3 m (Minckley and Deacon 1959; Muncy 1959; Summerfelt and Hart 1972; Pflieger
1997; Skains 1992), tend to be solitary (Hackney 1966) and territorial (Skains and
Jackson 1995), and exhibit limited movements, particularly in the southern portion of
their native range (Skains and Jackson 1995). During the day flathead catfish tend to
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remain in or near cover (e.g., large woody debris), moving primarily at night in
conjunction with foraging activities (Robinson 1977; Skains 1992).In these southern
rivers, flathead catfish are important as large predators and as cultural icons. As such,
their status and characteristics as members of fish assemblages and as exploitable
components of the fish stocks can reflect the general well being of both the system and its
associated fishery. They are, subsequently, a fish species that fisheries managers should
monitor regularly. This is particularly important in systems such as the Pascagoula
River, located in southeastern Mississippi, which are principal regional freshwater
fisheries resources (Schramm et al. 1997).
From an anthropogenic perspective, the Pascagoula River (Figure 1) is the last
physically-unmodified, intact, large river system in the lower forty-eight states (Dynesius
and Nilsson 1994). Along its main stem, the Pascagoula River is lined by wildlife
management areas, conservation reserves, and fishing camps. There are several endemic
aquatic vertebrates in the Pascagoula River, including federally and state protected
species such as the Gulf Sturgeon Ancipenser oxyrinchus desotoi and the Yellowblotched Map Turtle Graptemys flavimaculata7KHULYHU¶VHVWXDU\DOVRLVFULWLFDO
environment to terrestrial species such as the endangered Mississippi Sandhill Crane
Grus canadensis pulla and provides the foundation for important marine and brackishwater fisheries. Due to its location, the Pascagoula River is subject to tropical cyclones,
which, depending on severity, can have significant influence regarding ecosystem
characteristics and functioning, including those associated with its faunal assemblages,
and its fisheries.
2

On August 29, 2005 Hurricane Katrina made landfall near the MississippiLouisiana border. The eye of this Category-4 storm struck the Gulf Coast roughly 113
km west of the mouth of the Pascagoula River, bringing with it a storm surge that was
estimated at 5 m in Jackson County, Mississippi where the Pascagoula River enters the
Gulf of Mexico (Schaefer et al. 2006).
Hurricanes have struck the Gulf Coast of Mississippi in the past, but few resulted
in impacts to freshwater fisheries resources of the Pascagoula River to the extent as did
Hurricane Katrina (Schaefer et al. 2006; Alford et al. 2008).

It was estimated that 60.8

million fish were killed in the Pascagoula River as a result of the storm (Mississippi
Department of Environmental Quality interagency report to the Mississippi Department
of Wildlife Fisheries and Parks 2005). In this report, it was estimated that the total value
of these fish was $12.8 million. Large numbers of flathead catfish were included in these
estimates (Lynn McCoy, Mississippi Department of Wildlife, Fisheries and Parks,
personal communication).
In the aftermath of the storm, it became evident that part of the recovery process
for the region would be that of reconnecting people to pre-storm elements of culturallyspecific activities, including those associated with natural resources such as inland
fisheries. It also became evident that pre-storm data regarding fisheries resources in the
Pascagoula River (as well as other coastal drainage rivers) was inadequate or entirely
lacking.
As part of a program established by the Mississippi Department of Wildlife,
Fisheries and Parks to rectify this situation (Federal Aid to Sport Fish Restoration Project
3

F-140-R), I conducted a study designed to describe flathead catfish stocks in the
Pascagoula River in order to establish baseline data from which post-storm stock
assessments could evolve and with which comparative stock assessments could be made
following future storms. An example of stock characteristics within the baseline data
include relative abundance (catch per unit effort), relative weight, annual growth
increments, length-at-age, movement, and age frequency.
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CHAPTER 2
METHODS

Study site
The Pascagoula River drains the second largest basin within the state of
Mississippi (Mississippi Department of Environmental Quality 2001). The basin is 264
km long, 135 km wide and generally flows south towards the Mississippi Gulf Coast,
where it discharges into the Gulf of Mexico.
The main stem of the Pascagoula River begins where the Leaf and Chickasawhay
rivers converge near Merrill, Mississippi. From there, the Pascagoula River flows south
for approximately 128.7 km before discharging into the Gulf of Mexico. Roughly 16 km
north of the I-10 Bridge, the main stem of the Pascagoula River splits into the Little and
West Pascagoula rivers, and is joined by many bayous and oxbow lakes. The mean
discharge of the Pascagoula River is 432 m³/s, but recorded flows have been as low as 20
m³/s and as high as 5,035 m³/s (Ward et al. 2005).
Near the Gulf Coast, the drainage areas consist of low-lying flatlands, forested
wetlands, and marshlands. The central portion of the basin is located in the Pine Belt and
the landscape includes mostly pines with scattered hardwoods. Farther inland, the basin
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is characterized by low rolling hills, and broad, flat floodplains. Most tributaries are fast
flowing, perennial streams, and in-stream conditions are natural or unmodified with clear
water. The basin drains approximately 24,864 km², with 59% of the basin being forested
land, 19% pasture, 17% wetland, and 5% split between crops, water, urban and barren
areas (Mississippi Department of Environmental Quality 2001).
Preliminary data collections in the Pascagoula River indicated differences in
conductivity and salinity levels as one travels downstream from the confluence of the
Leaf and Chickasawhay rivers to the Gulf Coast. Different conductivity and salinity
levels could affect the electrofishing catch rates of flathead catfish, and potentially bias
any results. Therefore, the Pascagoula River was divided into four 34-km sections
(Figure 1), with Section 1 being closest to the coast and Section 4 ending near the
FRQIOXHQFHRIWKH/HDIDQG&KLFNDVDZKD\ULYHUV$OOIRXUVHFWLRQVKDYHDORZJUDGLHQW 
0.5 m/km), a high degree of sinuosity, and are dominated by a sandy substrate. Section 1
is affected by tides that can increase the salinity of the Little and West Pascagoula rivers
to levels that prevent use of electroshocking equipment for roughly seven kilometers
upstream from the I-10 bridge.
Urban development is greatest in the lower portions of Section 1, where there are
numerous houses, docks, and industries lining the banks of the river. Water tends to be
deep and slow moving throughout this section. Section 2 is affected by tides in terms of
water level, but the salinity 18 km upstream of the Gulf of Mexico is rarely affected.
Urban development in Section 2 of the Pascagoula River is present, but is minor in extent
when compared to that of Section 1. Section 2 tends to be wide and deep. Sections 3 and
6

4 are beyond tidal influences and are characterized by abundant large woody debris and
frequent shallow sandbars. There are a few houses and fish camps along the banks of
these sections, but development is limited.

Study design and analyses
Each of the four sections of the Pascagoula River was sampled twice during 2007
and twice during 2008 (Figure 2). Three randomly-selected starting points (km) within
each section were chosen the night before sampling began. Once the randomly-selected
starting point was located, three electroshocking runs consisting of a minimum of 900seconds (15-minutes) each were conducted in a downstream direction. Upon completion
of the first electroshocking run, all catfish species were processed and released. The
second electrofishing run began approximately 50 m downstream from where the first
electroshocking run ended. This exact process was used again when the second
electrofishing run was completed. This resulted in sampling roughly 3 ± 5 km
downstream from each randomly-selected starting point.
This sampling schedule produced nine electroshocking runs/section/day. In ideal
conditions, this would result in 36 electroshocking runs of 900-seconds within each of the
four sections of the Pascagoula River over the two-year study.
A 5-m Smith-Root electrofishing boat outfitted with a Smith-Root gas-powered
pulsator (Smith-Root, Inc., Vancouver, Washington) set at 15 Hertz (pulses/second) was
used for all electroshocking sample collections (Quinn 1988; Gilliland 1988). Quinn
(1988) noted peak efficiency of flathead catfish collections at 20 Hertz frequency, 0.4-0.5
7

milliseconds pulse width, 250-350 volts and 3 amps. Extreme fluctuations in
conductivity prevented maintenance of these ideal levels, so amps were allowed to
fluctuate, whereas 15 Hertz was held constant.
Before sampling began at the first randomly-selected starting point within a
section of the Pascagoula River, water temperature (°C), conductivity (ȝS/cm), salinity
(ppt), and Secchi depth (mm) were recorded. Upon completion of an electroshocking
run, the boat was stopped and water quality parameters were measured again. These
values were used as end values for the first run as well as start values for the second run.
All electrofishing occurred diurnally from May through July 2007 ± 2008.
Electrofishing was conducted in a downstream direction because preliminary sampling
revealed the tendency of stunned flathead catfish to drift towards the surface slowly.
When the boat travelled in the same direction as a stunned flathead catfish, the fish were
easier to locate and capture. Shallow waters associated with sandbars were not sampled
because flathead catfish prefer deep water (Minckley and Deacon 1959; Jackson 1999).
Although several studies note improved efficiency of flathead catfish captures when a
chase boat was used (Cunningham 1995; Daugherty and Sutton 2005a), sampling
logistics did not provide the opportunity to use a chase boat. More personnel and
equipment would have been required to use this capture method, and resources to provide
these were not available.
Captured flathead catfish were measured for total length (TL) to the nearest 1
mm, weighed to the nearest 1g on smaller fish (< 2.2 kg), and to the nearest 0.2 kg on
larger fish. Flathead catfish > 250 mm TL were tagged with two Floy T-bar anchor tags
8

(Floy Tag Inc., Seattle Washington) in the dorsal musculature, whereas fish < 125 mm
TL were only weighed, measured for length, and released untagged. All tags were
stamped with unique identification numbers to facilitate identification of individual fish,
determine if fish moved from the location where initial tagging occurred, determine if
fish moved between sections, and to estimate the number of flathead catfish in the
Pascagoula River. The left pectoral spine of each captured flathead catfish was removed
for age analysis in the laboratory. The pectoral spine was removed by disarticulating the
VSLQHURWDWLQJLWWRZDUGVWKHILVK¶VERG\XQWLOWKHDUWLFXODWLQJSURFHVVEURNHWKURXJKWKH
skin, and cutting it free as necessary (Mayhew 1969). Each spine was placed in a scale
envelope with length, weight, tag number, and location information included on the
envelope. All fish were released within the same reach from which they were captured.
Pectoral spines were sectioned to 0.10 mm thickness with a low-speed saw
(Isomet Model 11-1180, Buehler Limited, Lake Bluff, Illinois) fitted with a diamond
metal bonded wafering blade. All spines were first cut at the articulating process (Turner
1982), which is the widest part at the base of the spine, and then cut at the basal recess
(Muncy 1959; see Figure 1 in Turner 1982). Ages were determined using the articulating
process cross-section and a Nikon (SMZ 10) dissecting microscope set at 40X
magnification. Pixera imaging software was used to project images of each articulating
process on to a computer monitor. An image of the spine cross-section would appear on
the monitor, and reflected light was used to illuminate the broad white zones alternating
with narrow dark rings present on sectioned spines (Turner 1982). The narrow dark rings
were considered annuli if they were distinct and occurred in all quadrants of the cross9

sections (Turner 1982). False annuli were recognized by their faint appearance, irregular
spacing, and lack of continuity within all quadrants of the spine cross section (Turner
1982). Sectioned spines were aged by two independent readers, each with no prior
knowledge of the length or weight of the fish. A concert read was used to reconcile
disagreements in age assignment (Nash and Irwin 1999).

Environmental variables
Water temperature (°C), conductivity (ȝS/cm), salinity (ppt), and Secchi depth
(mm) were collected before and after each electroshocking run to determine if catch rates
were influenced by environmental factors. Environmental data collected before and after
each electroshocking run in the Pascagoula River were plotted and examined to ascertain
if they followed a normal distribution. The univariate procedure in SAS (SAS Institute
Inc., Cary N.C. 2008) was used to plot environmental variables and obtain a ShapiroWilk value for each variable.
The univariate procedure in SAS confirmed a non-normal distribution of all
Pascagoula River environmental variables. Log, square-root, and inverse transformations
were applied, but none normalized the distributions. This necessitated use of a
nonparametric test. Data were ranked using the rank procedure in SAS. The general
linear model (SAS Institute Inc., Cary N.C. 2008) served as the nonparametric test to
determine if the environmental variables of the Pascagoula River differed significantly
between years and among sections.

10

Growth
Average length of Pascagoula River flathead catfish was compared by year and
among sections. A plot of average length data revealed a non-normal distribution,
confirmed by the univariate procedure in SAS. Log, square-root, and inverse
transformations were conducted, but none created a normal distribution, necessitating use
of a nonparametric test. Data were ranked using the rank procedure in SAS. The general
linear model served as the nonparametric test to determine if average length of flathead
catfish differed significantly between years and among sections.
The average length-at-age of flathead catfish in the Pascagoula River was
compared by year and section. A similar procedure to the one outlined above was used
here, resulting in use of the rank procedure in SAS, and a nonparametric test to determine
if average length-at-age of flathead catfish differed significantly between years and
among sections.
Annual growth was measured using the basal recess cross-section from pectoral
spines and a Nikon (SMZ 10) dissecting microscope set at 40X magnification. Pixera
imaging software was used to project images of each articulating process on to a
computer monitor. The annuli visible in the image of the basal recess cross-section were
cross-referenced back to the image of the annuli on the articulating process to ensure
growth measured for specific annuli was assigned to the correct age. This was necessary
because of the tendency of the central lumen to dissolve the annuli associated with early
ages. Buckmeier et al. (2002) noted missing annuli in the basal recess cross-sections of
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fish as young as one year old. Samples from the Pascagoula River indicated this process
began to occur at age 2.
Annual growth was calculated by measuring the distance from the nucleus of the
basal recess to the anterior edge of each respective annulus. The total radius of the basal
recess was equal to the distance from the center of the nucleus to the anterior edge of the
basal recess. The distance from the nucleus to the anterior edge of the basal recess, and
to the anterior edge of each respective annulus was entered into a spreadsheet along with
a numerical code that was unique for each individual fish.
Back-calculations of length-at-age data were conducted with the Fraser-Lee direct
proportion method (Carlander 1982). Length-at-age data was log-transformed (natural
log), and the log-transformed and untransformed length-at-age values were plotted. The
univariate procedure in SAS (SAS Institute Inc., Cary N.C. 2008) was used to determine
if data were distributed normally. Pearson correlation coefficients were used to determine
the relationship of spine radius to total length (TL). Linear regression was used in SAS
to plot length versus spine radius, and natural log of length versus natural log of spine
radius. The y-intercepts were considered to be the length at which the spine formed.

Environmental effects on growth
The effects of Hurricane Katrina on growth of flathead catfish in the Pascagoula
River were examined using a method created by Weisberg and Frie (1987) that uses
annual growth increments to determine effects of environmental variables on growth.
Incremental growth data for flathead catfish in the Pascagoula River were calculated for
12

one-year-old fish using back-calculated TL as the growth increment. Two-year-old
growth increments were calculated by subtracting the one-year-old growth increments
from back-calculated TL, and three-year-old growth increments were calculated by
subtracting the two-year-old growth increments from back-calculated TL. This was done
for all ages contained within the sample. The general linear model in SAS (SAS Institute
Inc., Cary N.C. 2008) was used to examine effect of group (pre- and post-hurricane), and
effect of back-calculated age on growth. Fish from the 2005 year class were included in
the pre-hurricane group because most of their growth was assumed to have occurred prior
to Hurricane Katrina.

Growth of recaptured fish
Growth of recaptures in the Pascagoula River was calculated by subtracting the
TL at first capture from the TL at recapture. The difference was divided by total number
of days at large (number of days since first capture) to create an estimate of growth in
mm/day. Recaptured fish were divided into two groups, fish tagged in 2007, and fish
tagged in 2008.

Movement of recaptured fish and tag loss
Movement of recaptured fish was calculated by noting the section in which each
flathead catfish was tagged. Once a fish was identified as a recapture, the initial section
where tagging took place was compared to the second section of capture.
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Annual tag loss was estimated by dividing the total number of flathead catfish
recaptured without a tag in the first sample period in 2008 by the total number of fish
tagged in 2007. Recaptured fish without tags were identified by their missing pectoral
spines. Short-term tag loss was estimated by dividing the number of fish captured
without a tag in the second sample period of 2008 by the total number of fish tagged in
2008. An additional estimate of single tag loss was calculated by dividing the total
number of fish having lost one of two tags by the total number of fish tagged. The
estimate of single tag loss was only conducted for the 2008 sample.

Population estimate
Total abundance of flathead catfish in the Pascagoula River was estimated using
the Lincoln-Petersen method. Total number of fish > 250 mm and marked within each
section during the first electroshocking run in 2008 was calculated, and the total number
of fish > 250 mm examined for marks during the second electroshocking run in 2008
within each section was tabulated. Total number of recaptures > 250 mm during the
second electroshocking run within each section during 2008 was calculated, and these
QXPEHUVZHUHXVHGZLWK&KDSPDQ¶VPRGLILFDWLRQRIWKH/LQFROQ-Petersen method (Van
Den Avyle and Hayward 1999) to estimate abundance of flathead catfish in the
Pascagoula River. Only fish > 250 mm were used because a length-frequency histogram
indicated fish > 250 mm were most vulnerable to the electrofishing gear and likely
captured in proportion to their abundance.
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To estimate density of flathead catfish in the Pascagoula River, the abundance
estimate obtained above was divided by 128.7 (length in km of Pascagoula River) to
estimate the number of flathead catfish/km. This estimate of density was then used for
comparisons with other populations of flathead catfish not subjected to a massive pulse
disturbance (e.g., a hurricane). The assumption of random allocation of sampling effort
during the recapture period was met through the sampling design of the study.

Age-frequency
Age-frequency distributions for 2007 and 2008 were compared with a chi-square
test for independence. Fish aged 1 year through 5 years were used because fish older
than age 5 were not captured in 2007 sampling.
The age-frequency distributions of each section in the 2007 sampling season were
compared with a chi-square test for independence. The first iteration of this test used fish
aged 1 through 4, and resulted in 38% of the cells with expected values < 5, indicating
the chi-square test of independence may not be appropriate. The ten four-year-old fish
were combined with the three-year-old fish from the data set, and the test was conducted
a second time, using fish aged 1 through 4.
The age-frequency distributions of each section in the 2008 sampling season were
compared with a chi-square test for independence. Larger sample sizes in the 2008
sampling season facilitated use of fish aged 1 through 4, without combining four-year-old
fish with three-year-old fish.
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Relative Weight
Relative weight (Wr) of flathead catfish in the Pascagoula River was compared
between years and among sections. A plot of the data, and the univariate procedure in
SAS indicated a non-normal distribution. Log, square-root, and inverse transformations
were conducted, but none created a normal distribution, necessitating use of a
nonparametric test. Data were ranked using the rank procedure in SAS (SAS Institute
Inc., Cary N.C. 2008). The general linear model, using rank data, served as the
nonparametric test to determine if the Wr of flathead catfish differed significantly
between years and among sections.
Relative weight (Wr) was compared by age and between years. A similar
procedure to the one outlined above was used here, resulting in use of the rank procedure
in SAS, and a nonparametric test to determine if the Wr of flathead catfish differed
significantly between years and among sections and ages.

Catch per unit effort
Catch per unit effort (CPUE) (fish/hour) for 2007 was compared to 2008. A
normal distribution was found for the 2007 data, but the 2008 data did not follow a
normal distribution. The square root transformation normalized the 2008 data, and was
applied to the 2007 and 2008 data sets. The general linear model was used, and year,
section, and year*section effects were tested. Least square means were generated with
SAS, and plotted to display potential interactions.

16

CPUE of stock (350 to 509 mm) and quality (510 to 709 mm) size fish was tested
for a year and section effect. A normal distribution was not found, and a procedure like
the one outlined above was used. An additional general linear model was conducted to
determine if CPUE of stock and quality size fish in Section 1 (2007) differed from
Section 1 (2008). This comparison was done for each of the other sections.

Mortality
Mortality is a dynamic rate that is crucial to understanding population dynamics
of a given species (Miranda and Bettoli 2007), and is essential when managing a
population for harvest. The most common methods used for estimating mortality require
at least a portion of the target species be aged. Additionally, there are three assumptions
associated with these estimates of mortality: (1) reproduction is constant from year to
year; (2) survival is equal among all age-groups; (3) survival is constant from year to
year.
The passage of Hurricane Katrina, and the resulting fish kill led to a direct
violation of all three assumptions. The first assumption of constant reproduction was
violated because many older fish were lost during the fish kill, reducing the number of
available spawners. The second assumption of equal survival among age-groups was
violated by the loss of older fish as well. The third assumption of constant survival was
violated because 2005 will have larger mortality rates than all other years as a result of
the fish kill.
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Although all of the assumptions associated with estimating mortality were
violated, the lack of any previous estimate of mortality of flathead catfish in the
Pascagoula River, led to the calculation of mortality estimates regardless of the
assumptions.
+HLQFNH¶VPHWKRGZDVXVHGWRHVWLPDWHDQQXDOPRUWDOLW\XVLQJHTXDWLRQ
A = n0/N

(Eq. 1)

where n0 is the first age group (in this case two-year-olds) fully recruited to the gear, and
N is total number of fish captured from all fully recruited age groups. Miranda and
Bettoli (2007) report infrequent use of this method for estimating mortality, but also note
its use as appropriate when older fish have not been sacrificed to obtain bony structures
for age analysis. The absence of older fish from Pascagoula River samples justifies use
RI+HLQFNH¶VPHWKRG
Mortality rates were estimated from the slope of a regression line for the 2007 and
2008 sampling seasons. The number of fish in each age group was entered into SAS, and
the natural log of the number of fish within each age group was determined with SAS
code. Fish < two years old were excluded from the analysis because it was determined
that these fish were not fully recruited to the electrofishing gear. The regression was
executed in SAS, which generated a slope and y-intercept. The slope of the generated
line represents the instantaneous annual mortality rate (Z). The antilog (e-z) of the
instantaneous annual mortality rate is the annual survival rate (S), and mortality (A) is
equal to 1-S. The instantaneous mortality rates were compared by year with the general
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linear model in SAS, testing the null hypothesis that the slopes of the two regressions
were the same.
Weighted regression analysis also was conducted to estimate mortality. This
method places less emphasis on older fish present in the sample. The regression
procedure in SAS was used, and the output from the first regression statement is used in a
second regression statement. The weighted catch curve regression also was conducted
using Fisheries Analysis and Simulation Tools (FAST) (Slipke and Maceina, 2008).

Cohort development
Initial cohort development was examined by calculating the relative weight (Wr)
of all flathead catfish year classes captured in 2007 and 2008. Additional tracking of
cohort development was accomplished by comparing age frequencies between the 2007
and 2008 sampling periods, and comparing age frequencies of each section within each
sample year. These comparisons were completed using the chi-square test for
independence.
Growth of the 2005 and 2006 year classes of flathead catfish in the Pascagoula
River were compared to determine if annual growth differed between years and among
sections. Only two-year-old flathead catfish were used from the 2005 and 2006 year
classes for these comparisons, because comparisons of growth between fish of different
ages will most likely indicate superior growth for the younger fish. Additionally,
previous research clearly shows annual growth increment of flathead catfish declines as
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fish age (Jenkins 1952; McCoy 1953; Turner 1982; Guier et al. 1981; Grabowski et al.
2004; Daugherty and Sutton 2005b; Kwak et al. 2006).
Total lengths of all two-year-old fish were plotted and checked for a normal
distribution using the univariate procedure in SAS (SAS Institute Inc., Cary N.C. 2008).
Shapiro-Wilk values, and an inspection of the plot were used to determine if the data
followed a normal distribution. Upon confirmation of a normal distribution, the general
linear model was used to determine if TL of flathead catfish differed significantly
between years and among sections for the 2005 and 2006 year-classes.
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CHAPTER 3
RESULTS AND DISCUSSION

This study was conducted to determine how flathead catfish in the Pascagoula
River respond to major hurricanes that make landfall along the Mississippi Gulf Coast.
Additionally, and in conjunction with this orientation, a need was discovered to have
baseline data on flathead catfish stock characteristics in this river so that comparisons
could be made following future storms. The length of the Pascagoula River, and concern
over differences of environmental characteristics between sections affecting catch rates,
led to a study design incorporating measurement of environmental variables.

Environmental variables
Secchi depth was recorded because greater Secchi depth could increase catch
rates by providing the individual netting fish more opportunities to net fish. Secchi depth
at the start and end electroshocking samples differed significantly between years (P <
0.0001) and among sections (P < 0. 0001) (Table 1). Reduced Secchi depths at the start
and end of electroshocking runs in 2008 (Table 1) appear to be correlated with an
increase in mean daily discharge of the Pascagoula River.
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Temperatures below 20 °C have been reported to decrease efficiency of
electrofishing for flathead catfish (Quinn 1988). With this in mind, temperature was
recorded in the Pascagoula River prior to and after the completion of each
electroshocking run. Mean temperature (°C) at the beginning (P = 0.0039) and end (P =
0.0015) of electroshocking samples differed significantly among sections. There was no
significant difference between years in temperature at the beginning (P = 0.9600) or end
(P = 0.7981) of electroshocking runs (Table 1).
Decreased conductivity has been shown to decrease catch rates of flathead catfish
(Cunningham 2000). Preliminary data indicated conductivity levels varied in sections of
the Pascagoula River. These fluctuations could influence catch rates and bias results, so
conductivity was measured at the start and end of each electroshocking run. Mean
conductivity (ȝS/cm) at the start (P = 0.0044) and end (P = 0.0046) of electroshocking
samples differed significantly between years (Table 1). Mean conductivity (ȝS/cm) was
significantly different among sections at the start (P = 0.0032) and end (P < 0.0001) of
electroshocking samples (Table 1). Differences in mean conductivity do not appear to
follow any pattern. Conductivity would be expected to be greatest in Section 1 (the most
downstream section) due to saltwater intrusion. However, this is only the case for the
2007 data. The 2008 data actually revealed that Section 4 had the greatest conductivity.
Due to the influence of tides, elevated salinity levels in Section 1 could lead to
increased catch rates. To ensure unbiased data in terms of catch rates, salinity levels
were measured at the start and end of all electroshocking runs. Mean salinity (ppt) at the
start (P = 0.0021) and end (P = 0.0106) of electroshocking samples differed significantly
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among sections (Table 1). Mean salinity (ppt) at the start of electroshocking samples
differed significantly between years (P = 0.0082) whereas mean salinity at the end did
not show significant differences between years (P = 0.0602). These differences are likely
due to the presence of zeroes for some sections, and larger values for Section 1.
No trends relating environmental data to CPUE were evident. Plots of Secchi
depth, mean temperature, mean conductivity, mean salinity, and mean daily discharge
versus CPUE all indicated no correlations between CPUE and environmental variables.
Cunningham (2000) reported Secchi disk values had little or no effect on
electrofishing catch rates of flathead catfish. This is not surprising when we consider that
flathead catfish usually float to the surface when electroshocked, and several studies note
the increased efficiency of flathead catfish captures when a chase boat was employed
(Quinn 1988; Daugherty and Sutton 2005a).
Many of the same studies indicate a significant effect of temperature on
electrofishing catch rates (Quinn 1988; Justus 1996; Cunningham 2000). The results of
this study do not contradict their findings, and perhaps if electroshocking was conducted
when water temperatures declined below 20 °C, declines in CPUE would indicate a
correlation. However, because no electroshocking occurred below 20 °C in the
Pascagoula River, no correlation between temperature and CPUE is evident.
Cunningham (2000) notes a strong correlation between conductivity and CPUE,
While Justus (1996) reports optimal conductivity levels (30 ± 6,500 ȝS/cm) for collecting
flathead catfish in Mississippi streams. The lack of correlation between conductivity and
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CPUE in this study is likely due to fluctuations of conductivity that remain within the
ideal range reported by Justus (1996).
The lack of any correlation between CPUE and salinity levels is likely due to the
stability of these measurements across all sections of the Pascagoula River. Because
higher salinity levels would lead to higher conductivity measurements (even though that
is not the case here), it is likely a correlation exists. However, a wider level of salinity
levels would be required, and electroshocking runs must also be conducted where salinity
levels are higher.

Growth
Sampling conducted May through July, 2007 resulted in the capture of 266
flathead catfish, whereas sampling conducted May through July, 2008 resulted in the
capture of 632 flathead catfish (Table 2). Additionally, the number of flathead catfish
captured (when comparing between years) within each section more than doubled for all
sections except Section 3 (Table 2), where 44% of all 2007 flathead catfish were
captured.
Although significantly more flathead catfish were captured in 2008 than in 2007,
a shift in proportional abundance of flathead catfish from the upper sections in 2007,
towards the lower sections in 2008 was evident. In 2007, 73% of fish captured were from
Sections 3 and 4. This decreased in 2008, with only 56% of the total catch coming from
Sections 3 and 4. Detenbeck et al. (1992) reported that the time to recovery of freshwater
streams subjected to a pulse disturbance was significantly reduced when refugia were
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present upstream or downstream from the site of the disturbance. After Hurricane
Katrina, Schaefer et al. (2006) found no significant hurricane impacts to fish assemblages
in the upstream sections of Black Creek, or the Leaf and Chickasawhay rivers. These
areas may have served as refugia for flathead catfish to re-colonize the Pascagoula River.
The decrease in proportion of flathead catfish captured in the upper sections of the
Pascagoula River in 2008, regardless of a doubling in the number of fish captured,
supports movement of flathead catfish from the upper undisturbed sections of the river.
The mean total length of flathead catfish differed significantly between years (P =
0.0367) and among sections (P = 0.0153) (Table 2). Mean total length of flathead catfish
in Section 1 was greater than mean total lengths in all other sections in 2007, and in 2008
(Table 2). Section 1 (being closest to the Gulf of Mexico) was subjected to the most
intense and prolonged effects of Hurricane Katrina (Schaefer et al. 2006). McCargo et al.
(2008) noted similar results after the passage of Hurricane Isabel. Greater mean total
lengths of flathead catfish in Section 1 of the Pascagoula River compared to those in the
other (upstream) sections may be the result of density dependent processes resulting from
fewer flathead catfish in Section 1 (Table 2).
Average total length of flathead catfish differed significantly among ages (P <
0.0001), among sections (P < 0.0001), and between years (P < 0.0001). Least-square
means pairwise comparisons between each section for fish ages 1-4 are provided in
Appendix A. Mean length-at-age of flathead catfish in the Pascagoula River increased
for one-year-old fish from 2007 to 2008, but decreased for two-, three-, and four-year-old
fish (Table 3). Decreases in the mean length-at-age of two-, three, and four-year-old fish
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FRXOGEHGXHWR/HH¶VSKHQRPHQRQZKich would indicate that these older, faster growing
fish are being selectively removed from the population.
Additionally, the reduction of standard errors from 2007 to 2008 (Table 3) for fish
aged 1-4 illustrates how the variation in average length-at-age has been reduced. This
reduction in standard error, even when the same number of fish is captured the following
year, is indicative of a population that is in transition. Furthermore, evidence that
remaining year classes were caught in proportion to their abundance can be seen when we
examine the number of fish captured within one year class in 2007, and look at the next
year class in 2008. For example, thirty-six 3-year-old flathead catfish were captured in
2007, and in 2008 thirty-eight 4-year-old fish were captured (Table 3). A similar trend is
noted for 4-year-old fish in 2007, where 17 were captured, and 5-year-old fish in 2008,
where 15 were captured. This indicated that older year classes are more vulnerable to
low-frequency pulsed DC electrofishing in the Pascagoula River.
Length data for flathead catfish collected in 2007 and 2008 were combined, tested
for normality, and were found to be skewed. The univariate procedure in SAS produced
a Shapiro-Wilk value of 0.93 (P < 0.05). A normal distribution is represented by a
Shapiro-Wilk value of 1.00. A log-transformation of length data improved the ShapiroWilk value to 0.99 (P < 0.05). Pearson correlation coefficients for length versus spine
radius, and the loge of length versus the loge of spine radius, were both 0.96.
A regression of length versus spine radius estimated a y-intercept of -6.58,
whereas a regression of loge of length versus loge of spine radius estimated a y-intercept
of 1.09. This estimate was transformed back to its original scale, and produced an
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estimate of the y-intercept of 2.97. This was deemed the best fit because this intersection
is closer to the origin than was the intercept estimated by regression of untransformed
data. Length at time of capture, radius of spine at capture, and radius of spine at each age
annulus were subsequently loge-transformed and used to back-calculate length-at-age and
growth increments.
Average back-calculated length-at-age, as opposed to average length-at-age
discussed in the previous section, was also examined for flathead catfish from the
Pascagoula River. Back-calculated length-at-age provides useful information on past
growth rates, and can be used as a surrogate for pre-hurricane data, while average lengthat-age data provides a picture of present growth rates. The use of both methods is
relevant in this study because of the lack of pre-hurricane data, and because of the need to
know present length-at-age values.
Average back-calculated length-at-age for flathead catfish captured in the
Pascagoula River in 2007 were significantly larger than average back-calculated lengthat-DJHIRU 7DEOHVDQGUHVSHFWLYHO\ )XUWKHUPRUHUHYHUVH/HH¶VSKHQRPHQRQ
is seen in the 2007 and 2008 mean back-calculated length-at-age data, indicating flathead
catfish likely had larger mean length-at-age values in the past. However, this same trend
RIUHYHUVH/HH¶VSKHQRPHQRQKDVEHHQQRWHGLQVHYHUDORWKHUVWXGLHVRIIODWKHDGFDWILVK
growth. For example, Kwak et al. (2006) reported this same pattern in three North
Carolina rivers. Grabowski et al. (2004) reported it for the Altamaha River, Georgia,
Quinn (1989) reported it for the Flint River, Georgia and Jenkins (1952) reported it in
*UDQG/DNH /DNH2¶7KH&KHURNHHV 2NODKRPD5HDVRQVIRUWhe widespread incidence
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RIUHYHUVH/HH¶VSKHQRPHQRQDUHXQNQRZQ3HUKDSVUHYHUVH/HH¶VSKHQRPHQRQLV
always present because its presence here in a population dominated by young fish
indicates it is not just a function of an established and undisturbed population.
Mean back-calculated age-specific lengths for flathead catfish in the Pascagoula
River were best described by equation 2:
Total Length = 15.52 + 112.73 (Age) ± 2.79 (Age)2

(Eq. 2)

(R2 = 0.99),
where age is expressed in years and total length is expressed in millimeters. The general
linear model used to generate this equation indicated a significant quadratic effect of age,
meaning that growth is curvilinear and that it declines slightly as fish age (Figure 3).
Attempts were made to fit traditional growth curves (e.g., von Bertalanffy;
Gompertz). However, these growth curves produced low R2 values and, in the case of the
von Bertalanffy equation, produced unrealistic estimates of asymptotic length. For
example, combining all data from 2007 and 2008 produced an asymptotic length estimate
of 1,894 mm, representing a flathead catfish over 2 m long. With the present world
record flathead catfish being smaller than 2 m (length is not reported for the world record
flathead, only a weight of 56.2 kg), this estimate was deemed unrealistic. Similar
problems were encountered when other growth curves were applied.
Growth of flathead catfish in the Pascagoula River appears to be nearly linear
(Figure 3). Because approximately 95% of all flathead catfish captured in 2007 and 2008
were < 4 years old, the appearance of linear growth is not surprising. Growth rates of
young flathead catfish typically exceed growth rates of older conspecifics (Kwak et al.
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2006). Additionally, flathead catfish have been reported as being a fairly long-lived
species (Nash and Irwin 1999), and the lack of a visible asymptote in growth indicates
that growth rates of flathead catfish in the Pascagoula River after a major disturbance are
difficult to project because the absence of older fish in the samples.
Length-weight relationships for flathead catfish captured in the Pascagoula River
during the 2007 sampling season were best described by equation 3:
Log10 W = -4.95 + 2.96 Log10 TL

(Eq. 3)

(R2 = 0.96)
where W is the predicted weight (grams) of a flathead catfish, and TL is the observed total
length (mm) of a flathead catfish. The slope of the regression line for the 2007 sampling
season was slightly less than 3.0, indicating isometric growth.
Length-weight relationships for flathead catfish captured in the Pascagoula River
during the 2008 sampling season were best described by equation 4:
Log10 W = -5.42 + 3.17 Log10 TL

(Eq. 4)

(R2 = 0.98)
where W is the predicted weight (grams) of a flathead catfish, and TL is the observed total
length (mm) of a flathead catfish. The slope of the regression line for the 2008 sampling
season was slightly greater than 3.0, approximating isometric growth.

Environmental effects on growth
The examination of environmental effects as they relate to growth of flathead
catfish is justified because this particular method facilitates the use of past growth rates
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determined from growth increments stored in pectoral spines of flathead catfish. Here we
examine if growth rates were different prior to the passage of Hurricane Katrina by
dividing annual growth into two separate groups: pre-hurricane and post-hurricane.
Identification of environmental effects as they relate to growth was accomplished
using a method outlined by Weisberg and Frie (1987). Annual length increment (growth)
was evaluated as a function of group (pre- or post-Hurricane Katrina), age, and the
interaction between the two (age and group).
The model indicated that growth increments changed as fish aged (P < 0.0001).
The treatment (group) was not significant (P = 0.6482) indicating that Hurricane Katrina
had no effect of the growth increments of fish aged 1-3, and there was no significant
interaction of age and group. Differences in mean back-calculated growth increment
before and after Hurricane Katrina (Figure 4) vary by < 10 mm for ages 1 and 2 and only
vary by slightly more than 10 mm for age 3 fish
Mean back-calculated length-at-age 1 of flathead catfish captured in 2007 was
larger for the 2003 and 2004 year classes, than for the 2005 year class (Figure 5). A
decrease in mean annual back-calculated growth increment from age 1 to age 2 for the
2003 and 2004 year classes was also evident, followed by an increase in mean annual
growth increment from age 2 to age 3 for these same year classes. The first growth
increment of the 2005 year class illustrates the smaller size of this year class after its first
year of life. However, annual growth increment of this year class increased after its
second year of life, contrary to the trend exhibited by all other year classes.
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Mean annual back-calculated growth increments for each year class captured in
the 2008 sample illustrate a decrease in mean annual growth increment from age 1 to age
2 for all year classes (Figure 5). The 2003 and 2004 year classes show little change in
annual growth increment from age 2 to age 3, and this trend remains with the 2003 year
class from age 3 to age 4. Growth increments during the first year of life for the 2006
year class start low and decrease during the second year of life.
Typical growth patterns for juvenile flathead catfish indicate a decrease in mean
annual growth increment as fish age (Grabowski et al. 2004; Kwak et al. 2006). This
pattern is not present for the 2005 year class captured in 2007 (Figure 5). A possible
explanation for the reversal of this trend in the 2008 data (Figure 5) is that the faster
growing fish were removed from the population, either by natural or fishing mortality.

Growth of recaptured fish
Sampling in 2008 resulted in the recapture of 13 previously tagged flathead
catfish. Three of these recaptures had lost both tags, but were identified as recaptures by
the absence of a left pectoral spine. Of the remaining 10 fish, 4 were tagged in 2007 and
recaptured in 2008, and 6 were tagged in 2008 and recaptured again in 2008 (Table 6).
Average daily growth of recaptures tagged in 2007 and recaptured in 2008 was 0.13
mm/day (SE 0.04; range 0.06-0.23 mm), with an average number of days at large of 352
(SE 6.60). Average daily growth of recaptures tagged in 2008 and recaptured in 2008
was 0.63 mm/day (SE 0.13; range 0.21-1.09 mm), with an average number of days at
large of 42 (SE 0.20).
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The large difference between growths of the recaptured fish tagged in 2007 versus
those tagged in 2008 is explained by the life history of flathead catfish. Research
indicates that flathead catfish in a laboratory setting rarely consumed prey items below 15
C, most stopped eating at 11 C, and none consumed anything at or below 7 C (Bourret
et al. 2008). Additionally, studies examining seasonal movement patterns of flathead
catfish indicate no movements during winter (Daugherty and Sutton 2005c; Vokoun and
Rabeni 2005) and both studies report the use of main-channel pool habitats during winter.
Reduced or non-existent feeding during the winter coupled with no movement is
indicative of a state similar to hibernation, which explains the disparity between the
growth rates of recaptures tagged in 2007 versus 2008.

Movement of recaptured fish and tag loss
Of the four flathead catfish tagged in 2007 and recaptured in 2008, three were
recaptured within a different section of the Pascagoula River than the section in which
initial tagging took place. One was tagged in Section 4, between km 4-9, and recaptured
in Section 3 between km 32-34. The remaining two flathead catfish were initially tagged
in Section 3, and recaptured in Section 2. Unfortunately, the exact km where initial
tagging of these fish took place was not recorded. However, the downstream direction of
movement is evident because of the section information. Although the sample size of
recaptured fish is small, the fact that all moved downstream lends support to the idea of
upstream sections of the Pascagoula River serving as a population source (sensu
Detenbeck et al. 1992) when downstream sections have depleted populations. The fourth
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recaptured fish tagged in 2007 and recaptured in 2008 was caught within the same section
and km in which the initial tagging took place.
All six of the recaptured fish tagged in 2008 and recaptured in 2008 were
recaptured within the same section in which tagging took place, indicating little to no
short-term movement of flathead catfish (Skains and Jackson 1995). Five of these fish
were recaptured in Section 2, whereas one was recaptured in Section 1. Unfortunately,
the exact km of initial tagging was not recorded.
Annual tag loss of flathead catfish in the Pascagoula River was estimated as
0.85%, and is likely very small due to the low number of recaptured fish without tags.
Short-term tag loss may be as great as 14% or as little as 0%. These estimates are
uncertain because when (2007 or 2008) the single fish missing both tags captured in the
second sample period was tagged cannot be ascertained. Although short-term tag
retention was great for double tagged fish, the loss of single tags appears to be relatively
common. For example, all six fish tagged in 2008 and recaptured in 2008 were missing
one tag. Reasons for such high loss of only one tag are unknown, but could be due to fish
being tagged at relatively small sizes. This illustrates the importance of double tagging
juvenile flathead catfish when using t-bar anchor tags.

Population estimate
No short-term movement of flathead catfish between sections in 2008 indicates a
relatively closed population. This coupled with random allocation of sampling effort
during the recapture period facilitated the use of Lincoln-Petersen to estimate abundance
33

of flathead catfish in the 3DVFDJRXOD5LYHU&KDSPDQ¶VPRGLILFDWLRQWRWKH/LQFROQPetersen method produced an estimate of 4,802 (95% CI = 1,593-8,011) flathead catfish
> 250 mm in the Pascagoula River (assuming a 0% short-term tag loss rate). Dividing
this estimate by 128.7 (the length of the Pascagoula River in km) produces a density
estimate of 38 flathead catfish > 250 mm per river km. This density estimate of flathead
catfish is less than values reported in other systems. For example, Daugherty and Sutton
(2005b) estimated total density for the lower St. Joseph River, Michigan at 145 fish per
river km (Daugherty and Sutton did not report sizes and likely meant all sizes of flathead
catfish). This represents the only published density estimate for a native riverine
population of flathead catfish. Extrapolating the Pascagoula River density estimate to
include all flathead catfish (which was done by using all flathead catfish captured by
electrofishing instead of just those above a certain size) results in an estimate of 100
flathead catfish per river km, which is considerably smaller than the density estimate for
the St. Joseph River, Michigan.
Additional estimates of flathead catfish densities were conducted by Dobbins et
al. (1999) and Quinn (1989) for non-native riverine populations of flathead catfish.
Dobbins et al. (1999) estimated 35-58 flathead catfish > 380 mm per river km for the
Apalachicola River, Florida, whereas Quinn (1989) estimated 153-161 flathead catfish >
305 mm per river km for the Flint River, Georgia. Density estimates for the Pascagoula
and Apalachicola rivers are comparable, yet the density estimate for the Pascagoula River
is for fish > 250 mm whereas the Apalachicola River density estimate was for fish > 380
mm. This indicates a relatively low density of flathead catfish in the Pascagoula River.
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Furthermore, the density estimate for Flint River (Quinn 1989) flathead catfish is more
than three times as great as the density estimate of flathead catfish in the Pascagoula
River, even though the density estimate for the Flint River is for fish 55 mm larger than
the estimate in the Pascagoula River.
Although the Flint and Apalachicola river populations of flathead catfish are nonnative, these populations have existed for substantial periods of time, and are likely
stable. Flathead catfish were first documented in the Apalachicola River in 1982
(Dobbins et al. 1999), and the Flint River population was reportedly introduced around
1950 (Quinn 1989). Clearly, the estimated density of flathead catfish in the Pascagoula
River is smaller when compared to these other populations.
These density estimates indicate that management actions focused on recovery of
flathead catfish populations in the Pascagoula River should be considered following the
passage of a hurricane. Actions such as limiting harvest, increasing the minimum length
limit, or closing the fishery might all be considered. However, the Pascagoula River
could have a low density of flathead catfish compared to other populations. Therefore,
before recommending actions such as those listed above, further research is needed to
determine the true baseline density of flathead catfish in the Pascagoula River.

Age-frequency
The chi-square test for independence was used to test the null hypothesis of
similar proportions or distributions of fish aged 1-4 within all four sections of the
Pascagoula River. The null hypothesis of similar distributions between years was
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rejected (P < 0.0001). Two-year-old fish dominated the 2007 and 2008 age frequencies,
and a strong three-year-old presence was evident in the 2008 data. Furthermore, an
additional 23 three-year-old flathead catfish were captured in 2008 when compared to the
number of two-year-old fish captured in 2007, possibly indicating that two-year-old
flathead catfish are not fully recruited to the electrofishing gear (Figure 6).
The null hypothesis of similar proportions or distributions of fish aged 1-4 in all
sections during the sample year 2007 was rejected (P < 0.0001). The age-frequency
distributions for 2007 illustrate the dominance of two-year-old fish within Sections 2, 3,
and 4 (Figure 6). In Section 3, eight times as many two-year-old flathead catfish were
captured when compared to one-year-old fish. A similar, albeit smaller, trend was
observed in Sections 4 and 2, whereas Section 1 produced a greater number of one-yearold fish. Additionally, no four-year-old fish were captured in Sections 1 and 2 in 2007.
The null hypothesis of similar proportions of fish aged 1-4 in all sections during
the 2008 sample year was rejected (P < 0.0001). The age-frequency distributions from
2008 sampling revealed a trend of capturing younger (one- to two-year-old fish) in lower
sections (Sections 1 and 2) (Figure 6), and older (three- to four-year-old fish) in the upper
sections (Sections 3 and 4). No four-year-old fish were captured in Section 1 during
2007 or 2008, and few four-year-old fish were captured in Section 2 in 2008.
The age-frequency distribution generated from 2007 data (Figure 6) reveals a
large number of two-year-old flathead catfish in Section 3, with Sections 2 and 4 having
roughly half as many fish of this age. This same pattern is repeated in the 2008 data
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(Figure 6) with three-year-old fish. This indicates flathead catfish are beginning to set up
home ranges and establish territories (Skains and Jackson 1995).

Relative weight
Relative weight (Wr) showed a significant year (P = 0.0049) and section (P <
0.0001) effect. Condition factors within all sections were > 80 (Figure 7), indicating the
average flathead catfish had abundant food sources available. The best condition factors
were in Section 1 and are indicative of good foraging opportunities for fish inhabiting this
area. A possible explanation for this is reduced competition from conspecifics as a result
of the fish kill created by Hurricane Katrina. McCargo et al. (2008) indicated shifts in
fish assemblages were more pronounced at sampling sites closer to the coast in North
Carolina, and Schaefer et al. (2006) indicated hurricane impacts were more pronounced
in areas closest to the Gulf of Mexico. Based on CPUE data generated in this study it is
apparent that flathead catfish within Section 1 suffered greater losses during the passage
RI+XUULFDQH.DWULQDWKDQGLGWKHULYHU¶VRWKHUWKUHHVHFWLRQV/LPLWHGFRPSHWLWLRQ
coupled with abundant habitat and food resources in Section 1 are likely related to better
condition factors in this section relative to condition factors associated with other sections
of the Pascagoula River.
Relative weight (Wr) showed a significant age (P < 0.0001) effect, whereas there
was no significant difference between years (P = 0.0899). Condition factors for all ages
except three-year-old fish captured in 2007 were > 80 (Table 7), and the condition factor
of three-year-old fish averaged 79. Reports of condition factors for flathead catfish
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generally indicate a decline as fish age, with one-year-old fish usually exhibiting the
greatest values (Daugherty and Sutton 2005b; Makinster 2006). One-year-old fish
captured from the Pascagoula River in 2007 exhibited the greatest Wr values, followed by
a consecutive decline in Wr values at ages 2 and 3. Flathead catfish aged 4 and 5 then
showed consecutive increases in Wr for the 2007 sampling season (Table 7).
Improving condition factor as flathead catfish age may be related to lower mean
annual discharge of the Pascagoula River during 2004 through 2008. Insaurralde (1992)
found growth of flathead catfish was strongly correlated to river water stage in the Big
Black River, and specifically noted improved growth increments for fish  3 years old
when water levels were below half-bank full.

Catch per unit effort
The relative abundance of flathead catfish as reflected by electrofishing CPUE
(fish/hour) differed significantly between years (P = 0.0279) and among sections (P =
0.0251). There was no significant interaction between year and section (P = 0.1298).
Sections 2 and 3 displayed the greatest increase in CPUE from 2007 to 2008 (Figure 8),
whereas CPUE in Sections 1 and 4 showed only moderate increases over time. The mean
CPUE for 2007 and 2008 was 14.47 and 29.43 fish/hour, respectively. Doubling of
CPUE from 2007 to 2008 indicates a dramatic increase in the relative abundance of
flathead catfish in the Pascagoula River. Coupled with density data, this suggests a
young, sparse population that is quickly recovering.
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The CPUE of stock size fish (350-509 mm) differed significantly among sections
(P = 0.0111) and between years (P < 0.0001), whereas the CPUE of quality size fish
(510-709 mm) showed no significant section (P = 0.1218) or year effect (P = 0.6591).
Mean CPUE values for stock size fish increased in all sections of the Pascagoula River
from 2007 to 2008. Additionally, 2008 mean CPUE values for stock size (350-509 mm)
fish in all sections of the Pascagoula River were greater than those reported by Makinster
(2006) for adult flathead catfish (> 400 mm) in the Kansas River. The population of
flathead catfish in the Kansas River was not subjected to a large pulse disturbance, and
likely represents an undisturbed population. Makinster (2006) also found no significant
difference in CPUE between all size classes, while significant differences existed in the
Pascagoula River for only the smallest size classes. Greater CPUE for stock size fish in
the Pascagoula River is likely the result of two strong year classes (2005 and 2006), and
indicates a population of flathead catfish in transition. CPUE based on size classes was
not reported for the St. Joseph River, so no comparisons could be made.

Mortality
Mortality estimates for the 2007 and 2008 sample seasons were 73% and 46%,
respectively. Mortality estimates from the slope of a regression line were 65% for both
the 2007 and 2008 sample years. Weighted regression analysis estimated mortality of the
2007 and 2008 sampling seasons at 66% and 63%, respectively. Weighted catch curve
regression in Fishery Analysis and Simulation Tool (FAST) (Slipke and Maceina 2008)
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estimated mortality of the 2007 and 2008 sampling seasons at 51% and 49%,
respectively.
Daugherty and Sutton (2005b) reported an annual survival of 67% for flathead
catfish in the lower St. Joseph River, Michigan, which equates to an annual mortality rate
of 33%. Similar numbers were reported by Olive (2006) for the Little Missouri River,
Arkansas which leads me to believe the numbers generated for the Pascagoula River are
not an accurate representation of the actual mortality rate.
Due to a skewed age distribution and violation of assumptions associated with
estimating mortality, I think that mortality rates I generated are not the true mortality
rates of flathead catfish in the Pascagoula River. However, because of the limited
volume of information available regarding flathead catfish in the Pascagoula River, it was
deemed important to include these mortality rate estimates.

Cohort development
Relative weights (Wr) for each year class captured during the 2007 and 2008
sampling seasons start near 100, decline slightly, and begin to increase as fish age (Figure
9). The Wr values of the 2006 year class, captured in the 2007 sampling season, are
greater than the values of the same year class captured in 2008. However, the 2006 year
class is the only year class where Wr values are greater in 2007 than in 2008.
Mean annual growth of two-year-old fish from the 2005 and 2006 year classes
revealed a significant interaction (P = 0.0226) between section and year class. A clear
decline in mean length-at-age of the 2005 and 2006 year classes can be seen from Section
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1 to Section 4 (Figure 10). Differences in mean length-at-age between sections could be
the result of decreased intraspecific competition as a result of more intense hurricane
impacts to sections of the Pascagoula River closest to the Gulf of Mexico. McCargo et
al. (2008) reported greater changes in fish assemblages after Hurricane Isabel to a
sampling site closer to the Atlantic Ocean, and Schaefer et al. (2006) indicated hurricane
impacts were most pronounced in areas closest to the Gulf of Mexico. This could explain
the greater Wr (Figure 9) and growth (Figure 10) seen in Section 1. Furthermore,
reduced intraspecific competition could also explain why growth is greater in Sections 1,
2, and 3 for the 2005 year class when compared to the 2006 year class.
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CHAPTER 4
CONCLUSION AND MANAGEMENT IMPLICATIONS

Establishment of baseline data and post-storm stock characteristics of flathead
catfish in the Pascagoula River is important because these data provide future researchers
information on the response of flathead catfish stocks to disturbance, and the rate of
recovery exhibited by these stocks. In the event of a future storm, these data could
provide a prediction for recovery rates to pre-disturbance levels. Additionally, poststorm stock characteristics following Hurricane Katrina could be compared to post-storm
stock characteristics following the latest storm to determine if flathead catfish stocks in
the Pascagoula River respond differently to each respective storm.
Recovery of flathead catfish stocks in the Pascagoula River to pre-hurricane
levels cannot be determined because of the lack of pre-hurricane data. However, this
study revealed that two strong year-classes (2005 and 2006) following the storm is
exhibiting relatively good growth and excellent condition factors. Stock characteristics
such as CPUE, relative abundance of older fish, and mean annual growth increment
increased between 2007 and 2008. Although stable stock characteristics are unlikely in a
highly dynamic system such as the Pascagoula River because fish respond to variable
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river environments, it is likely that fluctuations of the magnitude revealed in this study
are indicative of a population in transition.
Young fish dominated the flathead catfish stock in the Pascagoula River.
Approximately 95% of the flathead catfish captured in the Pascagoula River in 2007 and
2008 were less than four years old. Such a large proportion of young flathead catfish 2-3
years after a major pulse disturbance is not surprising. However, previous studies have
shown that flathead catfish mature relatively slowly in the southeastern United States
(Perry and Carver 1979; Munger et al. 1994). For example, populations of flathead
catfish in Louisiana were reported to mature between 490-790 mm, with approximately
50% of the fish becoming sexually mature at 589 mm (Perry and Carver 1979). Munger
et al. (1994) reported that 50% of flathead catfish in Texas reach sexual maturity at 425
mm but that they exhibited a wide range for achieving maturity (300-1000 mm).
Furthermore, Munger et al. (1994) provided evidence suggesting that riverine populations
of flathead catfish may mature at larger sizes and older ages than flathead catfish
inhabiting reservoirs.
If flathead catfish mature at larger sizes and older ages in riverine populations,
using the length-at-maturity estimates from Louisiana provided by Perry and Carver
(1979) would predict that flathead catfish in the Pascagoula River require 5-8 years to
reach sexual maturity. Although this time period may seem short, there are currently no
minimum length or bag limits for recreational harvest of flathead catfish in the
Pascagoula River. In fact, the only minimum length limit associated with harvest of
flathead catfish in the Pascagoula River applies to commercial fishermen (406 mm). This
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is well below the minimum length limit of 610 mm adopted by the Texas Parks and
Wildlife Department to allow 84% of flathead catfish to spawn at least once before being
harvested (Munger et al. 1994).
The lack of a minimum length limit for recreational harvest of flathead catfish in
the Pascagoula River [one of the top ten public waters fished in Mississippi and the only
river appearing on the list (Schramm et al. 1997)] leaves the two strong year classes
(2005 and 2006) vulnerable to exploitation. Recent interactions with local anglers (July
16, 2009, personal communication to Russell Barabe) who fish the Pascagoula River
have led to several reports of excellent fishing for flathead catfish, and the harvest of a
large number of juvenile fish, particularly in the lower two sections. Such harvest is
beneficial in terms of reconnecting the local anglers with the Pascagoula River following
the hurricane. However, the average length of these harvested flathead catfish is reported
to be approximately 300 mm, which is well below the 50% threshold of maturity
estimated by Perry and Carver (1979) and Munger et al. (1994). Although harvest of
these juvenile flathead catfish may improve condition factor and length-at-age of the
remaining individuals, their removal could also lead to further delays in the recovery of
an important cultural and recreational fishery.
Evidence for potential increases in the recovery time of Pascagoula River flathead
catfish due to recreational harvest can be found in the present density estimates. When
present density estimates for flathead catfish in the Pascagoula River are compared to
density estimates for native and non-native populations of flathead catfish in other
locations, the Pascagoula River density estimates are considerably lower. If density
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estimates are accurate, recovery to pre-hurricane levels may take 8-10 years. This 8-10
year estimate for recovery is based on the time necessary for the strong 2005 and 2006
year classes to reach spawning size, and is also based on the time required for these
offspring to recruit to the fishery. Reducing (via harvest) the number of flathead catfish
available to spawn could increase this time period considerably.
Low density of flathead catfish in the Pascagoula River following a major
hurricane (e.g., Hurricane Katrina) may require limiting harvest in order to accelerate
recovery. Limiting harvest would help protect the initial post-hurricane year classes, and
facilitate natural reproduction by increasing survival of these fish to adult size,
particularly precocious individuals that may spawn within 4 years following a major
storm (Figure 3). Additionally, protecting these year classes would aid natural selection
by allowing the fast growing fish that survived Hurricane Katrina a chance to spawn.
A possible option to protect fish from the 2005 and 2006 year classes, is a
temporary minimum length limit of 610 mm TL for the Pascagoula River. This
minimum length limit should be in effect for a minimum of 5-years following a tropical
cyclone that results in a significant fish kill. This period of time would allow 84% of the
first two year classes of flathead catfish a chance to spawn before harvest (sensu Munger
et al. 1994).
Although very different than the above minimum length limit, stocking could also
be considered as an option to increase the density of flathead catfish in the Pascagoula
River to levels comparable with the density estimates reported for other southeastern
rivers. Eggs could be collected from the Pascagoula River or its tributaries to minimize
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concerns over the genetic integrity of flathead catfish stocks, and production costs to
produce juvenile flathead catfish can be kept below $2.00/fish (personal communication
from Justin Wilkens, Mississippi Department of Wildlife Fisheries and Parks, October 7,
2009).
However, no published literature exists regarding the ideal density of juvenile
flathead catfish. Furthermore, the proportion of stocked flathead catfish that survive and
recruit to the fishery has never been calculated, but mortality in juvenile fish is generally
high during early life stages. Therefore, large numbers of flathead catfish would have to
be stocked in an attempt to target a specific density based on an undisturbed system. But
attaining that density without survival estimates would be difficult.
Although density estimates for flathead catfish in the Pascagoula River appear
low when compared to other populations, it is possible that the density of flathead catfish
in the Pascagoula River was never comparable to other rivers. Shephard and Jackson
(2006) reported the Pascagoula River and one of its principal tributaries, the
Chickasawhay River, as two of the lowest in terms of soil fertility index. Soil fertility
was strongly correlated with growth of channel catfish in Mississippi rivers, and was
significantly faster in those rivers with a higher soil fertility index (Shephard and Jackson
2006). Soil fertility likely influences the abundance of forage available for flathead
catfish. Such a reduced forage base could produce lower density levels when compared
to other streams, indicating an artificial increase in the density of flathead catfish in the
Pascagoula River could result in population decreases of prey species due to excessive
predation.
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With the density of flathead catfish in the Pascagoula River being considerably
lower than values reported for other populations, and highly variable age distributions
from 2007 to 2008, it is clear that flathead catfish stocks in the Pascagoula River are
transitioning towards recovery. Considering the lack of pre-hurricane data, and the
3DVFDJRXOD5LYHU¶VVWDWXVDV the last unmodified large river system in the lower 48 states,
present managers of the river should do nothing. Once 8-10 years have elapsed since the
passage of Hurricane Katrina, an additional two-year study could be conducted, utilizing
the same methods as those outlined here, to provide managers with an additional snapshot
of flathead catfish stocks in the Pascagoula River. Density and age distributions could be
determined, and growth rates, relative weight, density, and age distributions could be
calculated and compared to values presented here. This would provide future managers
with additional data to make sound decisions regarding stocking and recovery dynamics
of flathead populations in the Pascagoula River following future disturbances. While
waiting for 8-10 years to pass, natural ecosystem processes, such as those present within
the Pascagoula River watershed, will promote recovery of flathead catfish in this system.
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Table 1. Mean environmental variables collected in the Pascagoula River, Mississippi during 2007 and 2008. The
Pascagoula River was divided into four 34-km sections, with Section 1 being closest to the Gulf of Mexico and
Section 4 ending at the confluence of the Leaf and Chickasawhay rivers. Mean environmental variables and the
standard errors are displayed by section.

56

TL is total length

Section 1
Section 2
Section 3
Section 4

N
18
54
117
77

2007
Mean TL (mm)
350
270
284
293
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SE % of catch
51.2
7
14.6
20
9.1
44
15.1
29

N
73
206
213
140

2008
Mean TL (mm)
335
276
273
283

SE % of catch
16.1
11
7.1
33
7.9
34
10.4
22

Table 2. Mean length (mm) of flathead catfish captured in the Pascagoula River, Mississippi during 2007 and 2008.
The Pascagoula River was divided into four 34-km sections, with Section 1 being closest to the Gulf of Mexico
and Section 4 ending at the confluence of the Leaf and Chickasawhay rivers. The number of fish captured within
each section and the total number fish captured is displayed. The proportion of catch represented by each section
is displayed.

Table 3. Average length-at-age of flathead catfish in the
Pascagoula River, Mississippi for the 2007 and 2008
sampling seasons.

Age
1
2
3
4
5
6
7
8

2007
Average
Length
SE
N
175 5.7 41
290 6.0 141
368 11.0 36
496 27.9 17
732
1
0
0
0
0
0
0

SE is standard error
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2008
Average
Length
197
276
350
434
519
560
680
743

SE
N
5.1 41
4.4 216
6.5 196
14.2 38
29.6 15
80.4
4
52.7
3
1

TL is total length

Mean annual
growth increment

Mean
TL at age
Std. error

Year class
2006
2005
2004
2003
2002
2001
2000

N
39
141
36
17
1
0
0

Mean TL
at capture
177
290
368
496
732

TL
range
124-260
140-489
261-530
340-690
732
250
243
260
383

2

343
372
532
486
642
732

5
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129.8 120.6 105.2 139.2 237.3

129.8 250.4 355.6 494.7 732.0
2.4
4.8 13.8 25.9

1
128
118
170
176

TL at age
3
4
6

7

8

Table 4. Average back-calculated length-at-age of flathead catfish captured in the Pascagoula River, Mississippi during the
2007 sampling season.
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TL is total length

Mean annual
growth increment

Mean
TL at age
Std. error

Year class
2007
2006
2005
2004
2003
2002
2001
2000

N
42
216
196
38
15
4
3
1

Mean TL
at capture
199
276
350
434
519
560
680
743

TL
range
120-281
144-531
205-651
295-635
375-725
374-764
581-761
743
215
220
235
253
207
268

2

308
336
348
291
346
411
444
413
444
377
507
481
540
463

5

551
616
539

6

669
670

7

743

8
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122.5 97.1

95.1 105.2 85.1

68.5

95.7

73.7

122.5 219.6 314.7 420.0 505.0 573.5 669.3 743.0
0.9
1.1
1.6
3.6
7.0 14.7
0.6

1
136
120
118
132
159
149

TL at age
3
4

Table 5. Average back-calculated length-at-age of flathead catfish captured in the Pascagoula River, Mississippi
during the 2008 sampling season.
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Table 6. Mean daily growth (mm/day) of flathead catfish recaptured in the
Pascagoula River, Mississippi during 2008. The date of initial tagging
(tag date), date fish was recaptured, TL at time of tagging, TL at time
of recapture, and the number of days at large are all displayed.
Tag
Recapture
Date
Date
6/12/2007
5/19/2008
6/12/2007
5/19/2008
5/23/2007
5/27/2008
6/11/2007
5/28/2008
5/17/2008
6/30/2008
5/19/2008
7/ 1/2008
5/19/2008
7/ 1/2008
5/19/2008
7/ 1/2008
5/19/2008
7/ 1/2008
5/19/2008
7/ 1/2008

First TL
(mm)
310
368
331
211
380
336
322
265
346
310

Second TL
(mm)
350
447
352
246
428
372
346
279
378
319

TL is total length

60

Days at
Large
342
342
370
352
44
43
43
43
43
43

Growth
(mm/day)
0.12
0.23
0.06
0.10
1.09
0.84
0.56
0.33
0.74
0.21

Table 7. Mean relative weight (Wr) of flathead catfish captured during 2007 and 2008
in the Pascagoula River, Mississippi. Wr values are averaged by age, and the
number within each age group is displayed.

Age
1
2
3
4
5

2007
N
24
95
35
16
1

SE
2.0
2.7
1.9
1.9
-

Wr
101
86
79
83
89

Age
1
2
3
4
5

SE is standard error
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2008
N
40
215
192
34
12

SE
2.1
0.7
0.7
1.1
4.2

Wr
97
92
90
90
96

FIGURES
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Figure 1. Location of the Pascagoula River, Mississippi. The Pascagoula River was
divided into four 34-km sections for this study. The study area encompasses
the mainstem of the Pascagoula River, including the West River and the East
River (also known as the Little River) in Section 1, and proceeding north to
the confluence of the Leaf and Chickasawhay rivers in George County.
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Figure 2. An illustration of the sampling design used to sample flathead catfish in
the Pascagoula River, Mississippi during summers of 2007 and 2008.
The river was divided into four sections (only one section is shown
here), and each section was sampled two times each summer (Time 1
and Time 2). Three randomly-selected km (e.g., Km1, Km7, and Km5)
within a section were selected the night before sampling began. Data on
individual fish (age, length, and weight) was collected within each km
sampled.
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Figure 3. Mean length-at-age for flathead catfish collected from the Pascagoula
River, Mississippi, during 2007 and 2008. Confidence limits (95%) are
present for fish through age 6 and absent for fish aged 7 and 8 due to the
capture of only one fish within each respective age group. Confidence
limits (95%) are not visible for fish aged 1, 2, and 3 because they are
small and obscured by the trendline.
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Growth Increment (mm)
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Figure 4. Growth increments of flathead catfish in the Pascagoula River,
Mississippi before and after Hurricane Katrina as calculated using
the method outlined by Weisberg and Frie (1987). This method
evaluates environmental effects on growth of fish using growth
increments present on bony parts of fish. Years are grouped as preand post-Hurricane Katrina and the plot illustrates the interaction
between age and group

66

Growth Increment (mm)

200
180
160
140
120
100
80
60
40
20
0

2007

Year Class
2003

2004
2005

2003

2004

2005

2006

Growth Year

Growth Increment (mm)

180

2008

160
140
120

Year Class

100

2003

80
60

2004

2005

40

2006

20
0
2003

2004

2005

2006

2007

Growth Year

Figure 5. Mean annual back-calculated growth increment of flathead catfish
captured in the Pascagoula River, Mississippi using electrofishing
during 2007 and 2008. Growth increments are measured in mm
and the year in which growth occurred (growth year) is presented
on the x-axis. Each line within each graph represents a single year
class.
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Figure 6. Age proportions of flathead catfish aged 1-4 captured by electrofishing
in the Pascagoula River, Mississippi during the 2007 and 2008 sampling
seasons. The Pascagoula River was divided into four 34-km sections,
with Section 1 being closest to the Gulf of Mexico and Section 4 ending
at the confluence of the Leaf and Chickasawhay rivers. Sections are
displayed on the x-axis.

68

Relative Weight (Wr)

100
95
90
2007

85

2008

80
75
1

іŽǁŶƐƚƌĞĂŵ

2

3

4

hƉƐƚƌĞĂŵї

Section

Figure 7. Relative weight (Wr) of flathead catfish captured by electrofishing
in the Pascagoula River, Mississippi during 2007 and 2008. The
Pascagoula River was divided into four 34-km sections, with
Section 1 being closest to the Gulf of Mexico and Section 4 ending
at the confluence of the Leaf and Chickasawhay rivers. Wr values
are plotted by section.
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Figure 8. Mean catch per unit effort (CPUE) of flathead catfish captured
by electrofishing in the Pascagoula River, Mississippi during
2007 and 2008. The Pascagoula River was divided into four
34-km sections, with Section 1 being closest to the Gulf of
Mexico and Section 4 ending at the confluence of the Leaf and
Chickasawhay rivers. CPUE is displayed by section and
measured as fish/hour.
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Figure 9. Mean relative weight (Wr) for each year class of flathead catfish
captured by electrofishing in the Pascagoula River, Mississippi
during 2007 and 2008. Error bars represent standard error and are
not present for the 2002 year class in 2007 because only one fish of
this age was collected.
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Figure 10. Mean length at age 2 of the 2005 and 2006 year classes of flathead
catfish within each section of the Pascagoula River, Mississippi.
Values graphed for the 2005 year class represent flathead catfish
captured in 2007, whereas values graphed for the 2006 year class
represent flathead catfish captured in 2008.
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APPENDIX A
PAIRWISE COMPARISONS AND SIGNIFICANCE LEVELS OF LENGTH-AT-AGE
GENERATED WITH THE LS MEANS FUNCTION IN SAS. THE YEARS BEING
COMPARED ARE DISPLAYED BETWEEN THE LINES, AND THE SECTIONS
AND AGES BEING COMPARED ARE LISTED BELOW THE YEARS.
SIGNIFICANCE LEVELS ARE DISPLAYED TO THE RIGHT OF
EACH SECTION AND AGE COMPARISON.
NS=NOT SIGNIFICANT.
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